Forty-eight babies were treated for neonatal tetanus and there were ten deaths. Twenty-seven patients were treated with neuromuscular blockade, nasotracheal intubation and intermittent positive pressure ventilation. In this group there were five deaths and three of these were the direct or indirect result of respiratory complications.
INTRODUCTION
Eighty per cent of the world's children live in developing countries but 97% of deaths in childhood occur in these countries. Most of these deaths could be prevented by improving nutrition and by immunization against measles, diphtheria, whooping cough, tuberculosis, tetanus and poliomyelitis. These measures, therefore, deserve a high priority in the programmes for health care in these countries.
~eonatal tetanus with a high mortality is qUIte common in South-east Asia. The main factors are: (a) poor obstetric practice by untrained village midwives or bidans; (b) ignorance; (c) poor communications; (d) customs and traditions; (e) treatment by bomoh or traditional medicine man; and (f) lack of maternal i m m u n i z a t ion programmes. In the absence of specialized treatment the mortality from neonatal tetanus is at least 80% ; ~his compares with 50% mortality from tetanus in adult patients.
The causative organism is an anaerobic gram-positive spore-forming rod, clostridium tetani which produces an exotoxin, tetanospasmin, which acts on four sites in the nervous system: (i) motor end-plate of skeletal muscle; (ii) anterior horn cells; (iii) nuclei of bulbar muscles; (iv) sympathetic nervous system.
All the effects of the toxin are self-limiting and completely reversible; patients who recover have no residual effects.
CLINICAL PICTURE
The incubation period usually varies from three to ten days. The prognosis is worse with a short incubation period especially if less than five days.
The symptoms appear within ten days of birth. Early signs include difficulty in sucking, irritability and excessive crying associated with a peculiar grimacing. The temperature is normal. Intense muscle rigidity then occurs with opisthotonus, ftexion of the arms, clenched fists, extension of the legs and plantar flexion of the toes. The delay in onset of reflex spasms after the first symptom is important for prognosis. In severe cases, spasms occur within one to two hours, rapidly increasing in frequency until almost continuous with respiratory inadequacy causing cyanosis.
Other causes of neonatal convulsions (intracranial haemorrhage, hyperpyrexia, meningitis and tetany) must be excluded. MANAGAMENT The treatment of tetanus involves specialized care by a trained team who are aware of the multiplicity of complications and the need for close monitoring. Anaesthesia and Intensive Care, Vol. Vll, No. 4, November, 1979 Practical Details 1. The umbilicus is cleaned either with ethanol or hydrogen peroxide and covered with flavine or eusol dressings. 2. Antitetanus serum (ATS) is given to neutralize the toxin before it reaches the central nervous system (CNS). The dose varies from 5,000 to 25,000 units given intravenously and intramuscularly. The antitoxin treatment is unfortunately ineffective when signs of CNS penetration by the toxin are evident. Human tetanus immunoglobin is not available in Kota Bharu. Intrathecal A TS has not been given for fear of reactions and lack of information of its full effects in neonates. Babies with tetanus do not develop immunity so that primary immunization should be given after recovery. 3. Antibiotics -Penicillin is the drug of choice. Other drugs are necessary during ventilatory therapy due to pseudomonas infection or positive cultures in the tracheal aspirate. 4. Metabolic requirements -Patients become dehydrated due to inability to swallow and raised metabolic rate. Intravenous infusion of 5 % dextrose and 0.18 % saline is given until nasogastric tube feeding is possible. 5. Control of tetanus spasms -(a) Conservative management consists of paraldehyde and diazepam or phenobarbitone. Initially 0.3 ml/kg paraldehyde is given intramuscularly to control the spasms during insertion of an intravenous infusion. Control is continued by 2-3 mg diazepam alternating with phenobarbitone 10 mg. Doses are given eight hourly or more often until the spasms are controlled.
Since the beginning of 1978 diazepam alone has been used, up to a maximum dose of 40 mg/kg/ day to assess its effectiveness in managing patients conservatively and thereby minimising the use of the Intensive Care Unit facilities ( apnoea and cyanosis, with or without persistent bradycardia. The treatment is outlined in Table 1 . faeces. If these were felt then clear fluids only until bowels act after Dulcolax suppository. 5. Strict fluid intake and output chart. 6. Two hourly positioning (from side to side or prone). 7. Four hourly chest physiotherapy or more frequently as required. 8. Passive exercise for limbs. 9. Ryle's gastric tube feeding -initially three hourly feeding with 0.2 % saline in dextrose (one feed) and if no residue on aspiration start on milk feeds, half strength first and changed progressively to full strength milk if tolerated. Aspirate before each feed and note amount aspirated. Amount of oral feeds given is 150 ml/kg to 180 m1!k'g per day. 10. Antibiotic eye drops six hourly (chloramphenicol). Mild sedation with diazepam reduces the response to sensory stimuli, and the dosage of muscle relaxants. The dose of diazepam is reduced to 5 mg/kg/ day given orally or intravenously. The baby is given d-tubocurarine 1.0 mg or pancuronium bromide 0.25 mg and intubated wi~h a 2.5 or 3 mm PYC nasotracheal tube, care being taken to make sure that there is a slight leak around the tube. The ventilator used is a continuous flow, time cycled machine (Loosco-Amsterdam), chosen because it is simple, robust and easily handled by the medical and nursing staff. The Baby Bird ventilators are unsatisfactory as they often fail due to presence of moisture and rapid deterioration of rubber parts. There is also difficulty in obtaining air cylinders.
Recording of Parameters
The ventilator is set to maintain a good colour, adequate chest movements and a reasonable blood pressure and pulse rate until the blood gas results are available. The babies are then kept paralyzed with either d-tubocurarine (1.0 mg intravenously or 5-10 mg intramuscularly) or pancuronium (0.25 mg intravenously 1.0 mg intramuscularly). Pancuronium causes a tachycardia and a slight rise in blood pressure which is an advantage in babies who are hypotensive and have a slow pUlse. Temperature probes are placed in the rectum and in the inspiratory line of the ventilator circuit. The ECG is also monitored.
For the past two years blood pressures have been measured by an ultrasonic instrument. Urine output is measured hourly by gentle bladder compression. Originally, the babies were kept warm by the use of lights and warm blankets but a radiant heat incubator with a servocontrol mechanism is now used, making nursing procedures easier and lowering the incidence of cross-infection compared with closed incubators. Up to now dehvdration or burns have not been encountered using these radiant heat incubators.
The ventilator settings are adjusted to maintain a PaO~ of 50-70 mmHg, PaCO~ 30-40 mmHg. The FiO~ is regulated with an oxygen monitor connected in the inspiratory line and therefore adjustable without disconnecting the circuit. The endotracheal tubes are strapped firmly in position after the position of the tube is checked radiographically. Tubes are changed only if they become dislodged, soiled or blocked, or if there has been pseudonomas cultured from the tracheal aspirate. If the culture remains positive another sterilized ventilator is used. With these procedures, antibiotics and physiotherapy, the infections have been controllable. 6. Nursing care demands at least one adequately trained nurse per patient at all times except during physio~herapy when two are required to do manual hyperinflation combined with chest physiotherapy and nas%rotracheal bronchial toilet. Strict aseptic procedures are adhered to during suction. 7. Weaning from IPPY is attempted usually between the second to fourth week when relaxants have not been required for at least 24 hours, when there are no clinical and radiological signs of lung pathology and the patient is able to maintain normal blood gas levels on F i 0 2 40% with ventilating pressures of +2 to +20 cm of water. Patients are then allowed to breathe spontaneously on the ventilator with assisted ventilation for progressively longer periods. Tachypnoea, tachycardia, pyrexia, sweating, cyanosis or unsatisfactory blood gas results are indications for controlled ventilation. Weaning is usually accomplished in about four to five days. Sedation is continued until muscle power has returned; if severe spasms do not occur, then the sedation is gradually withdrawn. The rate of withdrawal is slowed or halted on reappearance of any spasm. 8. Recovery -residual stiffness of joints and hypertonia may persist for a prolonged time, but most survivors recover completely in four months with active physiotherapy.
RESULTS

Mortality
(a) Conservative Therapv Twenty-one patients have been managed conservatively with five deaths (Table 2) . During 1978 when treatment was with large doses of diazepam, there were two deaths out of six cases; both patients died from. aspirat~on pneumonia. The survivors stayed m hospital for an average of 27 days (range 19 to 50 days) and this is considerably less than those treated with muscle relaxants and IPPV for whom the average hospital stay was 41 days (range 29 to 52 days). Twenty-nine babies were referred for treatment in the ICD between 1975 and June 1979 but two of them died before arrival. The ;emaining 27 were treated with IPPV and five died (Table 3) .
In 1975 there were no deaths.
In 1976 there was one death from subglottic stenosis with bronchopneumonia, due probably to the use of a 3.5 mm endotracheal tube. It was the only case in which this size was used.
In 1977 there were two deaths. One died in the ward 12 days after extubation, following aspiration of its feed on the ninth day after extubation and a subsequent pseudomonas septicaemia. The second was admitted ~th aspiration pneumonia developed dunng conservative therapy. This baby subsequent!y developed either broncho-pulmonary dysplaSia or respiratory lung syndrome probably fr?m prolonged high ventilatory pressures, and died after 50 days of IPPV.
In 1978 there were two deaths which may have resulted from the attempt to use high doses of valium (40 mg/kg/ day). Both babies came to the ICU moribund from bilateral pneumonia. They were resuscitated. and ventilated for two and three days respectively but died from infection. Complications in patients treated with muscle relaxants and IPPV Bronchopneumonia and atelectasis occurred in all cases during ventilator therapy. They were probably due to aspiratiot;t of infected secretion from the upper respiratory tract. Other factors were immobility and lowered resistance. Pneumonia was usually unilateral, in the right lung, most usually the uppe~ lobe. Aspiration pneumonia, bronchopneumoma and pulmonary haemorrhage were the commonest causes of death in that order of frequency, emphasizing the need for adequate p~!monary ventilation, frequent change of posItion and vigorous physiotherapy, and the hazards of over-sedation.
One baby had a unilateral pneumothorax but survived. Cardiovascular complications due to hyperactivity of the sympathetic nervous syst~m ( characterized by tachycardia, .dysrh~hmIa, raised blood pressure and sweatmg) did not occur.
. The ECG changes noted were smus tachycardia with occasional "T" wave inversion and strain patterns which lasted from a couple of hours to about 24 hours and then reverted spontaneously to a normal pattern. These changes occurred in patients with fever and bilateral bronchopneumonia.
High fever usually signified sec0!l~ary infection in the lungs, or thrombophlebitis at infusion sites.
Anaemia developed in all cases probably d~e to stress, infection and the hypermetabohc state. Blood transfusions were given to all the babies to maintain the haemoglobin at about 10 g/lOO m\.
Seven (25.9%) of the babies developed jaundice with serum bilirubin values up to 19 mg/ lOOm!. Two were treated with phototherapy whilst one . required an ~xoha.nge transfusion. The most hkely cause was mfectlOn.
Three cases sustained fractured ribs from physiotherapy but did not require ~ny additional treatment as they were bemg ventilated. There was some underlying lung consolidation presumably from contusion.
One premature baby had a cleft lip and palate which made it difficult to secure the endotracheal tube, resulting in dislodgement of the tube and cardiac arrest. Resuscitation was successful and this patient subsequently made an uneventful recovery from tetanus.
Other complications included fluid and electrolyte disturbances, paralytic ileus and constipation, but these were managed successfully.
The baby that died in 1977 following 50 days of IPPR was ~he only patient to develop nasal septal erosion from prolonged nasotracheal intubation.
LoNG-TERM FOLLOW-UP
Ninety-one per cent (20 cases) of patients treated with IPPR returned for review after discharge. Except for one baby, there were no sequelae from the ventilator therapy. They had normal muscle power and milestones and no respiratory problems. The baby with the cleft lip and palate had both delayed milestones and muscular weakness.
DISCUSSION
Forty-two per cent of the babies were delivered by government midwives, but the parents then handed them over to bidans for further care. It is customary for them to apply various home medications to the umbilical stump e.g., saffron pounded with leaves. Hence the risk of neonatal contamination with clostridia is high.
Tetanus is a self-limiting disease. The important features of treatment are good nursing care with aseptic procedures, control of muscle spasms and temperature, management of pulmonary complications, adequate nutrition and prevention of oversedation.
Tracheal intubation and IPPR requiring ICD facilities in a central hospital is the best treatment for severe neonatal tetanus with respiratory inadequacy. Conservative treatment of these patients with high doses of diazepam results in aspiration pneumonia.
A small nasotracheal tube which allows some air to leak around it will avoid laryngeal pressure injury and subglottic stenosis. The absence of this complication may also be due to the relative immaturity of the immunological system in babies.
Despite intensive treatment some patients will die from respiratory and generalized infections. Hence prevention should be achieved by the following: (a) community education about tetanus; (b) routine antenatal immunization; (c) a programme to improve the hygienic standards of the bidans.
